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Degradation of environmental pollutants by plant-endophyte
combination: research progress
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National-Local Joint Engineering Research Center of Heavy Metals Pollutants Control and Resource, School of Environmental and
Chemical Engineering, Nanchang Hangkong University, Nanchang 330063, China

Abstract Plant-endophyte combination technology not only overcomes the defects of microorganisms or plants
in treating pollutants separately but is also more efficient and does not cause secondary pollution. In this study,
we comprehensively summarize the endophyte inoculation mode, colonization process, and mechanism of
action, as well as the application and mechanism of action of the plant-endophyte combination technology in
soil, water, and atmosphere. Bacterial endophytes can confer resistance or tolerance to the host plants from
biotic and abiotic stresses by releasing antimicrobial compounds, producing siderophores, competing for space
and nutrients, and modulating the plant resistance response. Some bacterial strains can relieve plant stress
by blocking the pathway of ethylene synthesis in plants. Research progress shows that plants and endophytes
can cooperate with each other. On the one hand, endophytes promote plant growth, and on the other hand they
play an important regulatory role in adapting to and tolerating environmental stress. Moreover, endophytes can
help plants to isolate, transform, degrade, and absorb pollutants in the environment, especially for some hardly
decomposed substances. However, most studies have focused on soil and water media, and there is a lack of
research on atmospheric treatments. Moreover, there is a further lack of research on the colonization process
and mechanism of endophytes. Therefore, the different inoculation methods of endophytes, their entry into
plants from different parts of the roots, and their influencing factors are reviewed in detail in this paper, alongside
a review of the remediation of particulate matters (PMs), volatile organic compounds (VOCs), and inorganic
pollutants. To date, although there have been many studies on the treatment of environmental pollutants by
plant-endophyte technology, their mechanism of action has not been fully explained, especially endophytic
colonization dynamics and the persistence of the interaction, which will be topics for further study.

Keywords plant-endophyte combined technology; endophyte colonization; pollutant in soil; pollutant in water;
pollutant in air; organic pollution; particulate matter; volatile organic compound
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Table1 The main treatment methods of environmental pollutants

Y- PR R AR A PUE SR w15 R & B 5
FA R B LB A R BRI, (H R R ER 2> 0F 78 3 2R rh E
e NI NG SR TS I P N R BRI = DU R 5O N e o - N
A A B R HLER AR 5 QA SR - A A T A IR
IRAA KT Qe b B 0 N LB HEAT 25008, $i5 AR AN )
AT HRSE D TR R AT S5, DASU O 4Tl R e dth 1 A A P9 2B T G
Feh . GE PR - A A T AE AN LA B AR LA A HLTS
Ge. HpRIGHRY) BURLTS e S RMEA B R A6
WA 25 BRATL SRR 7 F 4 R 202 1 3

1 AE=E

11 REREREMGE
JUF R R R AR 25 S A SE A . AP
FFE A B, E X P A S 2 AR A B RE A A L R
FRSETR 2, [RIb] DUIE I A 2% F Bon AT 7, 3 P9 2B B 78 A=
W) 2 G5 P i R A5 L T RRAR P P A T R B R B A ) A
o SE B AR I —20, AR ZEME AT ER
FE Rl IR M MR T L Y, e AR T A%
& 77 AL FE KT AL B Al EAR 3, R — 30 AR B AT
DL 3 P 135 415 20 Anyasid A e SR AN [A) 426 s A 4 2
(Nicotiana tabacum) F1& %>~ (Chromolaena dorata) %t
AFF 5 HR R B TR P 78 P 25 SR A e, LR AR IR I, TR B
(] — Fft 422 o 5 VAN R R B B P s b o o 22 R Y. B F
AT AT W AE Y #RE e JE BAE Y AR N, A P AR Y B
XU S8 R A B S ot 8 T (A Il A 0 7 A B .
1.2 NERENEREERE
VA A B B AR ) A R — AR L T e I R dH B A
Ji B B FEAE Y R A N2 BT I FE R S — 0. A&

ik e s {7953 S8 SRR
Method Advantage Disadvantage Application range Reference
. e _— TGYFE R AN
N WK, SRS R s s ST IIRRERAT. WAV OEA
3k Ao i, 6 HVE T High cost; causing a certain degree of Sp [7-9]
Physical Efficient and wide range of application o?lution t’o the en%/ironment 9 Suitable for the repair site with low
P pollution degree and small area
P OABETS RANTEE IR, A
N L B BORARGE, TRER, EEHE B
fh2e R, AR, & VS )T b ZN:ilE T TS G 8 LN T U
Chzmical High efficiency, quick effect, and wide Easy to cause environmental pollution  Suitable for pollution sources with [10-12]
range of application and potential harm; high cost, unstable serious pollution and small scope
effect, and large amount of engineering;
the treated soil not be used
1 K a)-7 — . s
BRI, =I5 H A Hok, g OIS ERPIRORWAR e, taminm, kaisiin
TEEY) By H- Thélrowth%?microor anisms B, AR AR
Biclogical Controlling thoroughly without secondary affecgt’ed o restrictedgb T Sewage treatment, soil treatment, [13-15]
9 pollution; low cost, high efficiency, and o — applicati%n Y air pollution treatment, and
wide range of adaptation e Y [ T household garbage treatment
AN, DHAE: ACE1E, T s st ot A2, BRI ZEINE, 1B o e g g 9o duiE f (1
i P ORI AR S ACKIE, b e b S TR BRI FSae T s
Tk Low cost, and easy to operate; with Small biomass and short restoration Sditable%r IaceszT/Tth lar e)( [16-18]
Plant method photosynthesis, which requires no external period; easy plant poisoning, low ollution areg and oIIutiongde ree:
energy supply; purifying the environment repair efficiency; lack of complete \F/Jvidel used in air aFi\d soil ollt?tion,
while releasing oxygen ability to degrade pollutants Y P
e R AN Al AE ) A A B B PR R, B . LS s
e ROET, T RIS R, REE b B ARA g, e RSN B XL KA
%{Fg BERIR 2y %Tgiﬁg%gﬂmﬁ%$ﬂ1ﬂ$%m %%Emgggﬁgﬁiﬁﬁm%
=7 I . He = —
Plant- Q{ggg}-g ;?]?Sﬂ]g,retg?;]eﬂgssgfg:gglOrwith Many influencing factors; the Widely used to treat organic [19-21]
microorganism el 6 ga\ir e 2T nopsecong‘ar combination effect of different plants  pollutants and heavy metal
combination gnh rep Y Y and microorganisms will be different  pollutants in soil, water and

pollution; repairing some difficult-to-
degrade pollutants

atmosphere
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ERIRLANE A ) (extracellular polymeric substances, EPS)
2 7K ARG 2 T 5 R v A A A R R P Sl — TR
Bk Pal5/E /K i (Oryza sativa) itk b 3EAT 1 & B 71 %
HH, 280 A A L e T 9 22 W AR AP AN 52 A 3, X PT R B
(B2 eAh, N A T BB R RE S (2 40
B 5 FE R R T P, TR PN AR B ) B AEAR R T, IR R T
TEMRE AL 5, LN PSR 2L L. HR AP H B R B B AR (1
FEE, PUKCEE AR RS AL 105 1D RS B A T N R
BN 1 PO — S 0 A 1 R e 4 A T PR 4T R 1
LU, WL AE R A SEONE T . SR Tl A P T SR 0 T 45 ok
FTTTHE P 40 N BE , 1 33E 41 B 1F N A 40 AL 2RO TR R A RN A%
U it e g R B, 5B A R AR A LL, Azoarcus
sp. BH721¥ P 17171 58 WE g 5 A8 M 13k N K R AR (14T % PR AR, I
H R R AR AL 38 B BRI 4, AT S RF 7 ax— B 7,
AT I T A B, DA H 28 Ak 1 R R 28 4% 0 P A T o o DL 1)
AL BAh, — S B DR TRORUR BN PO A5, SR EAR
B B AN VN AT AR BT, BRI RE T T IR S R AR Y
T4 B0 0 B DD B b B, LR AR L 25 FERTRE TR fEn
Fref, PN R B AR B AL SRS AL N A Al AR R
A7 AE PO A 2t O 52 1 4T B 4 R 5 3o S AL s
— AR S 5 T P P AT R A A 0 P A T E R A0 M B P
B, AEIX 7 TG TS IR AR >, A BT 0, oA AR T8 AEAE A 1)
S B 11 B R AT 8 A, (H R A LA 41 B TR 4 I 9 8 B AR
(5 ¥ AR BT, X L] P fEF A (Musa nana Lour)
HIZELs, TRk 22 WAk (Scotch Pinus) 254 4 43, Mt i

(Panicum virgatum) (1% W iR FI G E Bk (Amygdalus
persica) HA71E 40 i Py 40 1 20
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MAHE—RHERY (R2) . WA EYBER T R
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Table 2 Specific characteristics of endophytes in different plants

FEAFERATIE. (1D NAERNRAKR M NAERR
WY W EY M RN RS R MRS R R ERESE
e gt AE K, T H AR R AR N S A - AT R R
(1-aminocyclopropanecarboxylic acid, ACC) fii & /i, 7] LA
FACCH fif a-T Ml R A2, 3 &R [FIRfACCH BAZ: 5l
H G, TRt ACCJlt 0 Bl AT LA ] B2 b g gt i A 1,
P AE T AT DA R A A 1 [ RN, T AR, AR
YR IR 2% G RE T, AR R AR, TR S R A X Ak R i
AT DA )5 A B B P A I T E S R IR AR LR
Fr RS AL S e AT I B T P AR U AR R A
IR LA (A K TR BERE P ) ZE K1Y i Bashan®%: 78 7 4% SL 56
R T RN S T B E2S 21 R R 2 3G I TR (14.6%) Al
2 (7% MK B H (37%) FITE (32%) “*. Ma%:fE i
R IR YIS (Achnatherum sibiricum) BT 5 it 52 56
ORI, AR FUR IR G 2 R T e AR A0 I R R R AR R
R R PR MR L, B PR 2K T N R R s i,
(2) R 48 F YRG5 R B SR 77 — Loy AR 1wl DA™
AR AR RERAAR L T LR RN A5 A i Bl R o R S A 1
TR, AT DU I 2 AR IR pH . SR IE S R SR B A E
GBS BRI AT A R A, DL ke AR 3 i S A A A T R
FE TN A A A VR, AR R A R G
S 2 5 B 240 B 72 ARURH 25 v 1) 28 .

2 EY-AEEXNTRP ISRV IE

TIE R RIS R RAL, BT IR, &Rk
B A AE P35 By 5K 6 7% 5 S5 0 Bt 52 BT MR K i e,
AR ARG (20164 o, B [E 438 Wi s i5 e
FREAN16.1%, Forbophit . b, 5 R0 A ) F 3t 10 68 ok 2 43
19.4%- 10.0%- 10.4%F1 11.4% ©2. L3erb )5 4] LLUE
W ARAEZ S ) B e 26 T BN n] DUE S SE R HE N\
FOKGHF K WA — 35015 Y T LUOE i 28 R 3k A<

[EER LY A B bR 2 SCHER
Host plant Endophyte Contaminant Reference
=nfE Shamrock ¥ Pseudomonas Cu, Zn, Ni [46]
F¥ % Brassica juncea ZRE T Sphingomonas Zn [47]
H 5 A% Brassica napus BHEHJE Mucor genera Pb [48]
i Solanum lycopersicum WAL & Penicillium annuum Al [49]
A Alnus cremastogyne Burk Hho & K Bacillus thuringiensis As [50]
E1# Azadirachta indica A.Juss AT # Bacillus J& 2144 Hydrocarbon compound [51]
W 4R % Asia Plantago depressa Willd % {41 & Bacillus 3t Phenanthrene [52]
S ) N 2,2 (45U IE)111- 2S5
# :
P4#1/% Cucurbita pepo "ML Thermomonas 2, 2-Bis (4-chlorobenzyl)-1,1, 1-dichloroethylene 1%
i Solanum lycopersicum H## Penicillium Z% Naphthalene [54]
F AW Salix hypoleuca seem TR Pseudomonas putida 75 % J& Aromatic hydrocarbon [55]
R TS IEY) 4 : o0 95 SR A IR 0 42
Plant species used for phytoremediation AR B R Actinomyces and ciliates Aromatics and aliphatic hydrocarbons [56]
a,BRly-AR T, TR, $UFT 1 RS BE B 1) @ (3 o =y 2
/KF& Oryza sativa a, B and y-deformation, Actinomycetes, Egt?hélr%)ﬁ\ji; %nélet}ﬁr%z))mics) [57]
Bacteroides, and Pachyphyta P
WUNFF IR &, ZLEREE R, 9B IR B R AT 1 i, 3 5
) : : I, SERIE )\
W H¥% Helianthus annuus yézc;);?ccus, Rhodococcus, Citrobacter Crude oil, phenanthrene and n-octadecane [58]
1867F“F$5H§!2%El’~]%JZ%E‘«ET‘CIZH‘HE% BOFFIA, ShOP DA, VIR, TARAF A, RS S TS T e
ixteen cultivated and wild plant species Flavobacterium, Haemophilus, Arthrobacter, . . . [59]
from Kuwait Marlin, and Neisseria Aromatics and aliphatic hydrocarbons
{E I+ Arabidopsis thaliana Lk 22T JE Mycelium FHIE S Methyl chloride [60]
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21 BREAEY-REENTIREFESRSEYNEE
211 TEHEESRSENEE I S RS
FAE A AR R NAED) AR P, S8 L0 IR Y
B M) A AR PrAs & AR L S JE TS e i i
AN P, KA TR W B (Fe ot B 4 s AR
R @Y, & R KA T ES
JEFR ZEE10045 0L RO Py A B AN AT BL oG ARAE A 45 L 1 Bk
R, 10 H AT DASE S AR 6t 4 I ¥ e W IR i PR AR S . R
P E R I SRR T I5 4004 F0. 47 7E 12 2% (Solanum
nigrum) P 5B BN AR B X 10 mg/ LI E 4 JE AR Y A
VW BR R 2 Wik $75.78%- 80.48%. 21.25% ©; i@ i
3¢ (Thlaspi arvense) X4 &% B A 58 A Wi = 48 B 1117,
WAL (Eremochloa ciliaris) Al K M-F£i21 5 (Pteris nervosa
Thunb) XA 82 4 (¥ Wi oo,
21.2 T EFEELESENEENIE B, SEIE
AR ) B 1 A2 R AR B I SRR R, AT &R
Joipie, RIDIRCEE 4 JE 1 R B T A 4 RS2, V2 4N T AR
G T WA -8 L R Y, HAR LR o TR,
T 38 b AR P2 B AW ORORD I s & TS e W i R 3 Ak
P, 1K 2 BN AR b 2T BRI R s Pe A o A, AR
1o BEA R BT 2B A RSN A E Y Gy T HL
PR R R A F A T EL R B N AR A AR
FIFHEZ, (S M -3 s S B & R i5 e . isim Bk ik
DA P 4 J 5 e P mT DLGE ok N A T B A L TR e B 3R
EPUE, AR L. A 40 AT LS i A A e,
MR RS, K E e RS TN RSB
BN SR AR R Y B k. Py A T AT DL ek 2B A W B AN A
YR Rl & B BT AN SR T B RE R R JE L BRI R
SIS LA, MR S DU A0 &R gl
4 20 B = 3 3 3 i e S AR A A Y. — L& SR HE NS 4T
PER, EATATRE 2 45 A Uil AR B A0 R & 4N 4
M 2% b, BEE AT 2 I 45 4, EAR B TAH DG (1 AE ) ARk Rl
RPN A W AT 2R I A AR A AR 3 DR T DA D 4
JE 5 G IR AR TR Bz N A T A AL I i A7 s B R R R
I SEOGERY, HA Tk S D A L0 A AR T B AR e vk
LY, X =B HTE AT IA80 mmol/L, X4 A HT i AT ik
5 mmol/L". A A 41 i BT AR 5 R4 0 SR A i 3 2 DA R
g Bt 4 fe GRS BE R AR 3 AR 97 A AL o) 2 ) 2 3T
4B SR AL S R Ak, S py A g 38 7T LA
FAH ARy & SR Bt s HE sE LB, ilt, — i 2R 1 Py A= 4
B MR 2R E T (Hg®™) U, I E % 4 @ 251 IF 4R
T EPE R R
2.2 EY-NEESTIEREISEINEE
WEFE R WY, 402 B A HLTS A R IR AR, 550 2
tof S [ A 1 A WL S U7, o B PR 1 B T AT alk. phe
tol A, X3 K e o LT B BB T4 5/
%31 557 J& (polycyclic aromatic hydrocarbons, PAH) .
A7 FE JR 7 B TR B AR DB TR 26 Rl 46 2R i 3 25 JE L 25 Al
TARFFMEWY IR A Y A M B AR A2 L 1R AL
B EART R, AT L o AR sl i A R A,
NWAETE SR T AR, BRI — T LA 4y
flE R TR NGy TR, E R B IR AR 8 A M, £ BRI
AETE R SE . AR TE T DL AR M AR BB R L LTS
B, AR TEME . 3R N2 B, Trapp 2t 78 £ B A

AR TR R 8 (E 28 HI0TS YL W 2 T I I A0 Bl N S0 48 e PR A FH
RIS AN, R R AME R WIS Y. SR WL Yo
T4 A 45 B B TR D BN 222 d, IR AT e P A A A
REGHLIG DB RSP ESH . ot HR R0
WA TR RV 22 A0 2 0 R ORI 0 A P o e B 5 5 A L
154 (persistent organic pollutants, POPs) £ P [ 45k
TR, LR Sy WA P P R 1 A3 K A TR R AT B v B B TR
JFE 4 L B 2 0 S TR 1) bph A S DR 1 2 1 150,

3 EY-REEX KEFFRIALIE

3.1 KPSEYNEES

BE A TR R, V5K s i Rk 2, WI
SRR/ shend Al NSO R S VI 7/ El RN Yt i | 473 G el ]
i [ A 1R B ML) RD & T e 1, LA R BIARER 2% O e v ) 45 ol
R A X LT YL S N KR JE R AR SRR AN S A T
MR TR S, BIE R KA E R T AR 2,
{32 R 43 #B A& SR 5 7K T (5 7K, X T — 8435 Ge iy b
IR T RIS R AN G TR A - P AR R I A A EE L
AR BB X KA.
3.2 KPSEYHNEEHIE

TP — N AR T I TG A Ak B R B RT DL T oK Ak s
eV L bR, ZBRVLE W EART R, K B B R AL
Y5 G e 00 P9 AR TR R B B K B A Y e, AR B AT A
PE AN R 55T, ChenZE WAtk BRI, 12
(Phragmites communis) - % (Potamogeton crispus)
i34 (Nymphaea tetragona) FIX i (Najas marina) 53 B[
AR TR B T R4S IR ARRAEA (1) AN (5] 3A7 EL A AS [R] 1R P AR 4
W, —EE A T DA R AR 2, WA — M WA A
VAR AN T S 9 0O kR R B HE — B AR T R -
Tl 2R B Ak R R SR AT A 3K RS G g ). A A
TN AR IS, BT RAK K B AR 4 44 3 10 #E R VB LTS
PR ME AN 25 B R, Dotyf/E— 0 [A] s 4 b, $e b 1o =LA
HHIEWE19)5, HA) NS L) (trichloroethylene TCE)D
B PAIR T90% ©° thml A B AT R AR I R IS Y M R i) 5
BRI RN P A T DA 8 A0 — T 2 P T Ak 43 R ) Ak 8 2%
HET Weyens 4 28 i TR B 19 P9 26 20 B 0% 5L oA P B8
W619TCEHR: M B £ Z TCEY5 B /K AR K I 45 2% |, Hefh
Ja I (Populus) 25 TCERIAR 2R & /b, IXERH 710
FEAC T P9 A= 4 e o m] A AT B, DA s A ML & s
e KRB R . Ashraf 5w 78 22 WA R4~ 26 4 1 By TR0 1
AT ARG 5E TV 2 K B, 3P T 30 9 AR 240 B 0 B bk T
I ) P AKAE S, R - TR A BAE A BRI T
K TR E T 182%, AL T A 2 H 1 94% S 1)
95%, 1542 % FL B i v TG FHAE . IAT SCRRR B % T
T - AE R AL B AR T 5 e B 2, (R ST H ML ER
WEFL A, i TR R I R, R — ot

4 HEY-PEREF KSR IE

BEEH R T E R, KRR E Nt AIEEN
A R E RO IR ERRIG e E N E R 2P
(2018 [H LS BRI A IRY #hiE, 4 F338 Mg Ll L
TR, 297 T MR S SR AR, AT 164.2%.
KA R 2P ERIR G5 I, E BRI, 7%
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RIEBE IS Y. IR RATEHLTE e R4 L 5 %)
KA e b B AL P 27
41 KEHPMsHIEEHIE

PMsfy 1k % Fl 2% £ A5 SO4% . NO™>. NH™. HHl
BRI, ok R 22 (AE H 2 B, R RE WS I H 3P M,
I B A i B AR . TR - A B R PMsT s
P AR T B 752 T PMs I R SR a8, BT AA IR 4 457
22K AT A 218 000N W kL. 78 T 7 2%, M A 454 T I

Y SREREY)Z . A4 E
SIE. AR A
St b5

Plant extraction and plant
transport: transfer of heavy
metals, organics, etc from
roots to overground parts.

TS A AR A < AN
A HLTS R E
Plant absorption: the absorption :
of metal and organic contami :
nants by plant roots

1P WMEIERE I AR AR
ERSN

R R TR 320 t 19, T A AR B kAR A K F e T i
S S EUERHEIN, TR0 T R S S M B ). R
F 75 P 2 3 e S 0 M S R T A R L AR R, AR B R
H, — 6 Py A T B A R I BT U T DR B e A it
B e,
4.2 KSHVOCSHIEEMIE

VOCSHU &A% . TAARTE, B3 AR 4 AN R
FEIAS Y. R - AR B A A B R SR UK KR A A

TR R KA NG R
DY div /w0 &IPSt
Plant volatilization: the
release of organic matter and
metals into the atmosphere in
a volatile form.

%47 Organic contaminant®,
@ 4:J3 15444 Metallic contaminant
¥ )5 # Pathogenic acteria

# HBR4NTE Rhizosphere bacteria
o N Endophyte

TEPI$EHL Plant extract

AR Microbial metabolism

gibberellin, cytokinin and auxin. Lol
2. CBACCH N, WG, I 2, IR
IR ' Nutriment

Secreting plant hormones such as b I

- {933 B¢ Contaminated environment

LIE
Metal |

1 AR R TR R S
KFEAREE

ACC deaminase was synthesized to increase|
the nitrogen source and inhibit the synthesis

" Lt
S ~(\)rganic matter .-

of ethylene.

3. (e [ AR, ARk,
SRAE VIR R 26 5 BE 7

Promoting nitrogen fixation and phosphorus
dissolution of plants, producing iron carriers,
and enhancing the complexing ability of
plants to iron.

4. SRR SRR B 1 26 e A 5
ENiE il

Iron carriers enhance the plant’s ability to
complexate iron and inhibit the reproduction
of pathogens.

fEE YA K
Promoting the growth of plants

==

1 NG O KIE T L 5
TEECINETE

Plants convert them to more
water-soluble and less toxic forms.
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T LA AT BT TR BRAR A

The specific genes of endophytic
bacteria can degrade some
refractory organic compounds well.
3. AR T L AR A S R
A5 A NTG R, BRI
TE R PERNZE R

Endophytes can also metabolize
various enzymes to demineralize
organic pollutants, reducing their
toxicity, volatility and

Reducing toxicity by converting toxic metal
ion organisms to low toxicity or nontoxicity.
2. M BRI A AR B A < e T AN
R T REIISS AT A% A Wl e
Biosorption and bioaccumulation combine
metal ions with functional groups on the cell
surface to form complexes or precipitates.
3. TR BRI A P A A
HRHUTE 42 5 3 IR A A SR

To regulate the activity of plant antioxidant
enzymes and lipid peroxidation against
heavy metal induced plant oxidation.

L B AR e ey e

Methylation reduces the toxicity of heavy
metals.

evapotranspiration.
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R BE G5 AR S Al
Promoting the absorption and transformation
of metal pollutants

Promoting the degradation of organic pollutants
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Fig. 1 A brief overview of the plant-microorganism combination treatment of pollutants in soil and wate
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Promting plant growth
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Reducing the toxicity of PMs

3. BERE R IR
Degradation o volatile organic
compounds

4 RTHED R R EH LR
AR
Improving plant availability of
volatile organic compounds
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Fig. 2 A brief overview of the plant-microorganism combination treatment of pollutants in air
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1. A2 _EIRFHPMS
Adsorbing PMs on leaves and stems
2. R, BEfRE. REEREENY
Adsorbing degrading and isolating
volatile organic compounds
3. Ml — EACBRAIE I BIR
Adsorbing carbon dioxide as a
carbon source
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Endophyte
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